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This invention relates to a system for automatically
zeroing a position regulator for a rolling mill.

The rolls in rolling mills wear during rolling; so that
in position regulation of the separating distance between
coacting rolls, the indicated feedback separating distance
will vary with operation. Therefore, it has been neces-
sary to change the mechanism which indicates the actual
separating distance between coacting rolls as the rolls wear
during rolling operations. The necessity to change the
indicating mechanism makes it necessary to stop the roll-
ing mill, and the change is time consuming. In a rolling
mill, time is money; and any stopping of the operation
of the rolling mill is expensive.

It is therefore an object of this invention to provide
a new and improved system for compensating for the wear
on the rolis of a rolling mill.

Another object of this invention is to provide a new
and improved system for a rolling mill in which the rolling
mill operation need not be interrupted appreciably in
time for wear compensation.

Still another object of this invention is to provide a
new and improved system for automaticdlly zeroing a
position regulator in a rolling mill.

Accordingly, the actual separating distance between the
coacting rolls of a rolling mill is determined. The actual
separating distance is subtracted from the indicated feed-
back separating distance with the result being a zeroing
correction factor. The zeroing correction factor is stored
in a register with each mill stand. The zeroing correc-
tion factor is subtracted from the indicated feedback
separating distance each time before the position error is
calculated with reference to a desired separating distance.

The invention is set forth with particularity in the ap-
pended claims. The principles and characteristics of the
invention, as well as other objects and advantages are re-
vealed and discussed through the medium of the illustra-
tive embodiments appearing in the specification and
drawings which follow.

In the figures:

FIG. 1 is a block diagram of an automatic zeroing
system for a rolling mill position regulator.

FIG. 2 shows the symbols used in the detailed sche-
matics.

FIG. 3 shows how to put FIGS. 3A through 3C to-
gether.

FIGS. 3A through 3C, when put together as shown in
FIG. 3, show a schematic of the signal control generator.

FIG. 4 shows how to put FIGURES 4A and 4B to-
gether to produce the timing diagram for the system.

FIG. 5 shows how to put FIGS. 5A through 5C to-
gether.

FIGS. 5A through 5C, when put together as shown in
FIG. 5, show a schematic of the sequence. selector ele-
ment.

FIG. 6 shows how to put FIGS. 6A through 6G to-
gether.

FIGS. 6A through 6G, when put together as shown in
FIG. 6, show a schematic of the central control element
including an arithmetic element, an error storage register,
and the overshoot compensation element.

FIG. 7 shows how to put FIGS. 7A through 7C to-
gether.

FIGS. 7A through 7C, when put together as shown
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in FIG. 7, show a schematic of a position error storage
register and roll position control for a millstand.

FIG. 8 shows how to put FIGS. 8A through 3G to-
gether.

FIGS. 8A through 8G, when put together as shown in
FIG. 8, show the schematic portion of the automatic zero-
ing control.

FIG. 9 shows how to put FIGS. 9A through 9C to-
gether.

FIGS. 9A through 9C, when put together as shown in
FIG. 9, show the schematic of the automatic zeroing
storage register and control associated with each millstand.
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GENERAL DESCRIPTION

Referring now to FIG. 1 a millstand reference and
feedback circuit 21-24 is associated with each of four
millstands, each indicating a desired reference separating
distance between the ceacting rolls and the actual feed-
back separating distance between the coacting rolls of
that particular millstand.

A roll position control 25-28 is also associated with

each of four millstands to control the movement of the
coacting rolls of that particular millstand.
A sequence selector 29 operates in a predetermined
time cycle divided into a certain number of word times.
In the particular embodiment described the time cycle is
divided into 64 word times. During each word time a
specific millstand is selected to have the position error
developed for that particular millstand. A millstand may
The
sequence selector 29 selects a corresponding millstand
reference and feedback element 21-24 and millstand roll
position control element 25-28. i

The central control element 31 takes the reference
and the feedback from the selected millstand and devel-
ops the position error for that particular millstand.

The overshoot compensation element 33 automatical-
ly adds an overshoot compensation factor to compensate
for the overshoot that might otherwise occur in moving
the coacting rolls together,

Each millstand roll position control 25-28 controls the
driving of the coacting rolls toward a desired separating
distance in response to the position error as developed
by the central control element 31.

Only four millstands are represented in FIG. 1, while
as many millstands as are desirable may be controlled.
In the detailed description as described hereinafter 64
millstands, or subcombinations thereof, may be controlled.
The actual mill rolls and drive motors for physically mov-
ing the rolls are not shown in the figures but are well
known in the art.

The zero correction elements 35-38 initiate and store
the zero correction factor after it has been calculated. The
measured actual separating distance between coacting
rolls is entered into the reference and feedback indicators
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2124 after it has been measured, and the reference and

feedback indicators 21-24 also indicate the indicated sep-

arating distance between the coacting rolls of each mill-

stand. - : :
Operation

The rolling operation and the positioning of the coact-
ing rolls is stopped while the zero correction factor is
determined. The separating distance between each pair
of coacting rolls is first measured accurately. This may
be carried out by measuring the separating distance by
calipers, by measuring the separating distance by photo-
cells, or by positioning the rolls together so that
there is zero separating distance between the coacting
rolls. 'The measured separating distance between each
pair of coacting rolls is entered into the corresponding
reference and feedback element 21-24.

The sequence selector 29 selects the millstands in se-
quence and the central control element 31 calculates the
zero correction factor by subtracting the measured actual
separating distance from the indicated feedback separat-
ing distance between the coacting rolls,

The zero correction elements 35-38 separately initiate
the storage of the zero correction factors in the zero cor-
rection elements 35-38 after they have been calculated.

After the zero correction factors have been determined
for each millstand and stored in the proper zero correc-
tion elements 35-38, the rolling mill may be started up
again and positioning of the coacting rolls of each mill-
stand continued.

During determination of the position error for a par-
ticular millstand, the zero correction factor is entered into
the central control element 31 and subtracted from the
indicated feedback to give a corrected feedback which ac-
curately indicates the actual separating distance between
each pair of coacting rolls.

A reference may be determined for each millstand in a
multiplicity of ways, as, for example, by an operator,
feedback from the gage of the output metal, or a com-
puter and stored in the corresponding millstand reference
and feedback elements 21-24. The actual separating dis-
tance for the coacting rolls for each millstand is also
stored in the corresponding millstand reference and feed-
back elements 21-24,

The sequence selector 29 selects a particular millstand
in a predetermined sequence such as millstand number
1, connecting the millstand 1 reference and feedback
element 21, and the millstand number 1 roll position con-
trol element 29 to the central control element 31.

The central control element 31 compares the desired
reference separating distance between the coacting rolls
of millstand number 1 with the actnal feedback separat-
ing distance between the coacting rolls of millstand num-
ber 1 and develops a position error indicating the direc-
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tion and magnitude of the distance between the reference =

and the feedback. The overshoot compensation element
33 automatically enters an overshoot compensation factor
into the central control element to compensate for the

overshoot that may result when the coacting rolls are

moved together. When the position error exceeds @ pre-
determined magnitude, the rolls are driven together at a
maximum rate. ‘

An almost null number is continually compared with
the position error; and when the position error equals
or is less than the almost null number, an indication
thereof is delivered on lines 35-38. This indication is
stored in the corresponding millstand roll position con-
trol 25-28.

The position error for millstand number 1, after de-
velopment, is stored in millstand number 1 roll position
control element 25. The sequence selector 29 then selects
the next predetermined millstand to develop the position
error for that 'millstand.

The position error stored in millstand .number 1 roll
position control element 25 causes the coacting rolls to be
moved towards the reference separating distance between

55
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the coacting rolls. During the next cycle or later in the
same cycle, depending on the sequence determined by the
sequence selector 29, millstand number 1 is again selected;
and the reference is again compared with the feedback to
determine the position error. The reference may be the
same or it may have changed as desired.

The development of the position error to control the
separating distance between the coacting rolls continues
during subsequent cycles.

In this manner, an accurate separating distance be-
tween the rolls is maintained in uniform accurate manner
for the different millstands. The system is economical
in that only one control element is necessary to determine
the position error. . With a central control element, other
functions may be added as necessary as they are de-
veloped, such as the overshoot compensation factor as
described.

Symbols and nomenclature

In the following detailed description the term “one
signal” when wused refers to a —6 wolt signal and the term
“zero signal” refers to O volt signal or ground potential.

The symbols shown in FIGS. 2A through 2P and de-
scribed hereinafter are used in the detailed description of
the timed shared roll position regulator.

In all of the elements shown, input terminals are usual-
1y shown on the left side of the symbols and output ter-
minals are shown on the right side of the symbols.

Amplifier

FIG. 2A. shows the symbol for the amplifier. A one
signal on the input terminal will cause current to flow in
a load connected between the output terminal and the
negative power bus.

AND/NOT circuit

FIG. 4B shows the symbol for the AND/NOT circuit.
Tts operation is such that a zero signal on all input ter-
minals causes a one signal to be produced on the output
terminal. This wumit may have two or more input ter-
minals. Positive pulses received on all terminals are ef-
fectively the same as zero signals received and cause a
one signal to be produced on the output terminal. If a
one signal is applied to one or more input terminals, a
zero signal is produced on the output terminal.

Inverter

FIG. 2C shows the basic symbol for the inverter. One
signal is produced on the output terminal if a zero signal is
received on the input terminal and a zero signal is pro-
duced on the output terminal if a one signal is received on
the input terminal. - The small circle is added to the out-
put terminal to indicate the inverted output signal.

Inverting “OR” circuit

FIG. 2D shows the symbol for the inverting OR cir-
cuit. Its operation is such that one or more one signals
applied to the input terminals will cause a one signal to be
The small circle is added
to the output terminal to indicate the inverted output
signal. )

One shot pulse generator

FIG. 2E shows the symbol for one shot pulse generator.
A negative going pulse or a negative going step change
in a D.C. input to the upper input terminal, or a
positive going pulse or a positive going step change in
a D.C. input to the lower input terminal, will cause a
pulse to be produced at the upper output terminal with a
negative going leading edge and a pulse to be produced
at the lower output terminal with a positive going lead-
ing edge. Both output pulses are available at the same
time with a signal on either or both input terminals. The
length in time of the output pulses may be adjusted by the
capacitance of a capacitor connected to the one shot pulse
generator,
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“OR” circuit

FIG. 2F shows a symbol for an OR circuit. Its opera-
tion is such that a one signal on either input terminal will
produce a one signal on the output terminal. This symbol
may have two or more input terminals.

Time delay

FIG. 2G shows the symbol for a time delay element.
Its operation is such that a predetermined period of time
after a one signal is removed from the input terminal, a
one signal will appear on the output terminal.

Coil
FIG. 2H shows the symbol used for a coil of a relay.
The relay coil is energized by applying a one signal to the

coil.
Register

FIG. 21 shows the symbol used to represent a register.
Relay controls

FIG. 27 shows the symbol nsed to represent normally
open relay contacts and FIG, 4K shows the symbol used to
represent. normally closed contacts. The contacts are
opened and closed by energizing or de-energizing the cor-
responding relay coil.

Counter

FIG. 2L shows the symbol for a counter bit. A one
signal applied to the SET terminal sets the counter bit to
one so that a one signal appears at the “1” output terminal
and a zero signal at the “0” terminal. ‘This one signal at
the “1” output terminal will be maintained after the set
signal is removed and remains until a one signal is applied
to the RST (zeset) terminal, at which time the one signal
at the “1” output terminal becomes a zero signal; and a
one signal appears at the “0” output terminal. The count-
er bit will remain in this, the zero state, or reset state,
until a one signal is again applied to the SET terminal.
In addition, a positive pulse received on the PUL input
terminal will complement the counter bit, changing the
state of the counter bit from the previous state. The
shift of the counter bit will occur on the positive going
side of the input pulse. The “1” and “0” output termi-
nals are always the inverse of each other unless a one sig-
nal is simultaneously applied to the SET and RST (reset)
terminals, in which case a zero output signal will be
present on both output terminals.

Shift register

FIG. 2M shows a symbol for a shift register bit. This
circuit is similar to the counter bit shown in FIG. 2L
and described above, except for the provision of the
ST1 (steer 1) and the STO (steer §) terminals. If
a one signal is applied to the SET terminal, the shift
register bit is set to one, and a one signal will appear
at the “1” output terminal. This one signal will re-
main after the set signal is removed with the shift reg-
ister bit remaining set to one until it is reset. A one
signal applied to the RST (reset) terminal will reset
the shift register bit to zero, and a one signal will appear
at the “0” output terminal. The shift register bit will re-
main reset until it is set to one again. If one signals are
received simultaneously on both the RST and the SET ter-
minals, a zero output signal will be present on both out-
put terminals. In addition, if a one signal is applied to
the ST1 (steer 1) terminal, a zero signal to the STO ter-
minal and a positive pulse applied to the PUL terminal, the
shift register bit will be set to one with a one signal ap-
pearing on the “1” output terminal. If a one signal is ap-
plied to the STG (steer §) terminal, a zero signal to the
ST1 terminal and a pulse applied to the PUL terminal, the
shift register will be reset to zero with a one signal ap-
pearing on the “0” output terminal. The shift of signals
from terminal to terminal occurs on the positive going
side of the positive pulse applied to the PUL input termi-
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nal. The “1” and “0” output terminals are always the
inverse of each other, unless a one signal is simultaneously
applied to the ST1 and the ST§ terminals, in which case
the output remains as it was before.

Exclusive OR circuit

FIG. 2N shows the symbol for the exclusive OR circuit.
An exclusive OR circuit produces a one signal from its out-
put terminal when its input signals are different and a zero
signal from its output terminal when its input signals are
alike.

Binary adder

FIG. 20 shows the symbol for the binary adder bit.
The binary adder bit will add in binary two inputs plus
a carry and produce a combination of one output signals
on the “1,” “0,” and “C” (carry) and “CO” (no carry)
output terminals indicating the results of the binary addi-
tion of the three inputs. The truth table, indicating the
output signals for given input signals is shown below.
Symbols used:

0 indicates zero volts or ground—a zero signal
1 indicates —6 volts—a one signal

Input Terminals Output Terminals

X Y C C 1 cCOoO 0
1 0 0 0 0 1 0 1
2 0 0 1 0 1 1 0
3 0 1 0 0 1 1 0
4 0 1 1 1 0 0 1
5 1 0 0 0 1 1 0
6 1 0 1 1 Y 0 1
7 1 1 0 1 0 0 1
8 1 1 1 1 0 1 0

Thus, it can be seen the binary adder bit performs the
function of adding binary numbers, indicating the result
and a carry.

Flip-flop relay

The symbol for a relay flip-flop is shown in FIG. 2P.
The contacts are normally open. If a one signal is ap-
plied to the HOLD input terminal, a one or zero signal
applied to the IN input terminal has no effect; and the
relay flip-flop remains in the condition it was before the
one or zero signal was applied. When the HOLD input
terminal has a zero signal applied thereto and a one signal
is applied to the IN input terminal, the contacts are closed
and a one signal appears on the output terminal. If a
one signal is then applied to the HOLD terminal, the con-
tacts will remain closed until the one signal is removed
from the HOLD terminal. When the one signal is re-
moved from the HOLD terminal and a zero signal is ap-
plied to the IN terminal, the contacts open; and a zero
signal appears at the OQUT output terminal.

The circuits used in this description are all standard
circuits well known in the art.

In the detailed description input and output terminals
in one figure may connect to input and output terminals
on another figure, or a relay coil may close or open a con-
tact on another figure. In such instance, the figure num-
ber separated by a dash and a number are enclosed
in parentheses below or beside the terminal, coil, or con-
tacts indicating the figure number and the number of the
terminal to which that terminal is connected, coil or con-
tact is associated. Thus, a designation (FIG. 7—126)
below or beside a coil indicates the corresponding con-
tact 126 is in FIG. 7. In a similar way, a designation
(FIG. 8—136) beside a terminal indicates that the termi-
nal connects to terminal 137 in FIG. 8. A number when
underlined indicates that a contact is normally closed.

The following terms are used throughout the detailed
description.

Pulse: A signal existing for less than 50 microseconds.

The signal may be either a positive level of zero volts

or a negative level of minus six volts, depending on
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which condition activates the control device being dis-
cussed,

Clock Pulse: One of a series of signals occurring continu-
ously at a regular 50 microsecond interval,

Digit Time: A 50 microsecond time interval beginning
with the start of one clock pulse and ending at the
start of the next clock pulse.

Pedestal: A signal existing as a D.C. level for a period
of 50 microseconds or more.

Word Time: A time interval consisting of 14 digit times
commencing with the start of the digit time in which
a regulator calculation is started and ending with the
beginning of the next repetition of that digit time. This
may also be expressed as the time from the beginning
of one pedestal on output “OT” to the beginning of the
next pedestal on output “OT.”

The 50 microsecond clock puise may, of course, be
changed by means known in the art if desirable.

DETAILED DESCRIPTION

Signal control generator

The time shared regulator operates in a time cycle
divided into 64 word times. During each word time, the
position of a different position regulator may be calcu-
lated. Each word time is divided into 14 digit times from
0 time to 13 time. Each digit time is 50 microseconds
long.

The signal control gemerator shown in FIG. 3 pro-
duces fourteen clock pulses to make up a fourteen digit
long word time.

The signal control generator also produces a number
of other control pulses and pedestals used to control the
operation of the time shared regulator. The clock pulses,
control pulses, and pedestals are shown in FIG. 4.

Pulses are generated by pulse generator 101 every 50
microseconds and widened by one shot pulse generator
163 to a 13.3 microsecond clock pulse as shown in the
timing diagram in FIG. 4, waveform number 1. The one
clock pulses from output terminal E of one shot 183
are inverted to zero pulse by inverting amplifier 105
and applied to the PUL (pulse) input terminals of
shift register bits 110 through 116. The zero pulses
from terminal L of one shot 163 are inverted to one
pulses by inverting amplifier 104 and delivered as AU
pulses from terminal 106 (waveform 1).

Set up of the signal control generator

Before any clock pulses are applied to the signal con-
trol generator, shift register bits 110 to 115 are reset
to zero and shift register bit 116 is set to one. Shift
register bit 116, set to one, produces a one signal from
output terminal ¥, which is inverted to a zero signal
by inverting amplifier 117 and applied as a zero signal

to terminal M of AND/NOT circuit 119. Terminal .

N of AND/NOT circuit 319 receives a zero signal at this
time also as zero signals are applied to all of the inputs
of OR circuits 121 and 123. Terminal F of OR circuit
121 receives a zero signal at this time due to the fact that
the one signal from the L output terminal of shift
register bit 110, set to zero, is inverted by inverting OR
125 to a zero signal. Shift register bit 111, set to zero,
applies a zero signal from output terminal P to terminal
H of OR circuit 121. Shift register bit 112, set to Zero,
applies a zero signal from output terminal E to terminal
¥ of OR circuit 121. Shift register bit 113, set to zero,
applies a zero signal from output terminal P to terminal
K of OR circuit 121. Shift register bit 114 is also set
to.zero, applying a zero signal from output terminal E
to terminal R of OR circuit 123. Shift register bit 115
is set to zero, applying a zero signal from output terminal
P to terminal T of OR circuit #23. Thus, OR circuits
221 and 123 apply a zero signal to terminal M of
-AND/NOT circuit 119. AND/NOT circuit 119 there-~

fore produces a one signal which is inverted to a zero .
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signal by inverting OR circuit 125 so that a zero signal
is applied to the ST1 (steer 1) terminal of shift
register 116.

The one signal produced by shift register 116, set
to one, from terminal E and inverted by inverting
amplifier 117 to a zero signal, is also applied to terminal
R of inverting OR circuit 127. Terminal T of inverting
OR circuit 127 also has a zero signal applied to it at this
time from terminal P of shift register bit 115 as shift
register bit 115 is set to zero. Inverting OR circuit
127 therefore produces a one signal at this time which
is passed by OR circuit 129 and applied back to ST9
(steer 0) terminal of shift register bit 118.

First clock pulse

The first clock pulse (shown in timing diagram, FIG.
4) at zero time of the word time from pulse generator
101 is widened to a 13.3 microsecond duration by one
shot pulse generator 183, converted to a zero pulse by
inverting amplifier 165 and applied to the PUL inputs
of shift register bits 110 through 116. Shift register
bits 119 through 116 have one signals applied to their
ST® terminals so that shift register bits 110 through
115 remain reset to zero and shift register bit 116 is
reset from one to zero on the positive going side of the
clock pulse at zero time. )

OT pedestal

With shift register bit 116 reset to zero, the zero
signal from terminal E of shift register bit 116 is inverted
to a one signal by inverting amplifier 117 so that a one
signal is produced from output terminal 131 as an OT
pedestal at zero time as shown in the timing diagram
in FIG. 4, waveform 2.

LT pedestal
With shift register bit 116 set to zero, the one signal

Afrom inverting amplifier 117 is applied to terminal M of

AND/NOT circuit 119, causing AND/NOT circuit 119
to deliver a zero signal on output terminal 133 at this
time. This zero signal is the LT pedestal as shown
in the timing diagram, FIG. 4, waveform 3, from zero
time to 13 time,

PH and PHO pedestal

When shift register bit 116 was set to zero, the one
signal from terminal I was inverted to a zero signal
by inverting amplifier 135 and delivered on PH output
terminal 137 as shown in the timing diagram, wave-
form 5. The zero signal from terminal E is inverted
to a one signal by inverting amplifier 155 and delivered
in the PHO output terminal 157, waveform 4.

AV pulse

The one signal from terminal L of shift register
bit 116 is also applied to onme shot pulse generator
139, causing one shot pulse generator 139 to produce
a zero pulse for 20 microseconds, which is inverted
to a one pulse by inverting amplifier 141 and delivered
as an AV pulse on output terminal 143 as shown in
the timing diagram, waveform 6.

OTX pulse

The zero pulse from output terminal W of one shot
pulse generater 139 at zero time applied to terminal
M of OR circuit 145.  For 13.3 seconds from zero time,
the one clock pulse from terminal E of one shot 103
is applied to terminal N of QR 145, inverted to a one
signal by inverting amplifier 147, and delivered as a zero
OTX signal on terminal 149 for 13.3 microseconds.
At 13.3 microseconds, the one signal applied to inverting

-amplifier 147 ceases, and the zero signal is inverted to

a one pulse by inverting amplifier 147 and delivered as
an OTX pulse on output terminal 149 as shown in the

‘timing diagram, waveform 7. S
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AVO pulse
The one signal from the AV inverting amplifier 141
is inverted to a zero signal by inverting amplifier 151 to
produce an AVO pulse, waveform 8, FIG. 4.

OTXO puise

The signal from the OTX inverting amplifier 147 is
inverted by inverting amplifier 153 and delivered as an
OTXO pulse as shown in the timing diagram, waveform 9.

AKO pedestal

The AKO pulse is derived from the one output terminal
E of shift register bit 116 and from the one output ter-
minal of shift register bit 115. When both shift register
bits 115 and 116 are set to zero, a zero signal is applied
to terminal T of inverting OR circuit 127 and a one
signal to terminal R so that a zero signal is produced
from the AKO output terminal 159 as shown in the
timing diagram, waveform 10,

The one signal from inverting amplifier 117 is also
applied to inverting OR circuit 12, causing inverting OR
circuit 127 to produce a zero signal at this time which is
passed by OR circuit 129 and applied to the STO ter-
minal of shift register bit 110. The ST1 terminal of shift
fegister bit 110 receives a one signal from terminal L of
shift register bit 110 when the shift register 110 is set
to zero.

One time

The second clock pulse at one time applied to the PUL
input terminal of shift register bit 110 causes shift register
bit 110 to be set to one. Shift register bits 111 to 116
have a one signal applied to their STO input terminals
from the zero output terminals of the previous shift regis-
.ter bits so that they remain reset to zero.

TRO pulses

‘Shift register bit 110, set to one, pi'oduces a one signal
which is inverted to a zero signal by inverting amplifier

160 and is delivered on output terminal 170 as a 1TRO .

pulse, waveform 11.

After shift register bit 110 is set to one in the manner
hereinbefore described, the setting of successive shift regis-
ter bits to one will continue with each input clock pulse
in a straight shift register manner so that the one will
shift progressively from shift register bit 110 to shift
register bit 111, to shift register bit 112, to shift register
bit 113, to shift register bit 114, and to shift register bit
115. Thus, at six time, after the sixth clock pulse, shift
register bit 115 is set to one. Shift register bit 115, set
to one, produces the TRO pulse as shown on the timing
-diagram, waveform 16. TRO pulses, 1TRO-6TRO
(waveforms 11-16) are produced in this manner.

AKO pedestal

With shift register bit 115 set to one, a one signal is
applied to terminal T of inverting OR circuit 127, causing
inverting OR circuit 127 to produce a zero signal on
the AKO (waveform 10) output terminal 159 which is
also passed by OR circuit 129 and applied to the STO
“terminal -of shift register bit 110. Therefore, on the
next input clock pulse at seven time, shift register bit
110 is set to one again; and shift register bit 116 is set
to one, due to the fact that a zero signal is applied to
the STO input terminal of shift register bit 116 at this
time, but a one signal is applied to the ST1 terminal of
shift register bit 116 for the reason described below.
The shifting sequence proceeds producing the TRO digit
time pulses from output terminal 170 through 175 in the
manner hereinbefore described. At 13 time, the clock
pulse received brings the cycle back to the starting point
with shift register bit 116 now set to one,

PHO-PH pedestal

During the second shifting sequence, shift register bit
116 remains set to one as a one signal is continually
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applied to the ST1 terminal from inverting OR circuit 125.
This is because a one signal from one of the shift register
bits 110 to 115 is continually applied to OR circuit 121
or 123 to terminal of AND/NOT circuit 119, causing
AND/NOT circuit 119 to produce a zero signal which is
inverted by inverting OR 125 to a one signal. Thus,
during the first half of the cycle shown in the timing
diagmam, a one signal is produced from the PHO output
terminal 157 and during the second half of the cycle
as shown in the timing diagram (waveform 4) a zero
signal is produced from the PHO output terminal 157.
During the second half a one signal is produced from
the PH output terminal 137 (waveform 5).

Millstand sequence selector

The millstand sequence selector conmsists of reversing
counter bit 180, counter bits 181 through 184 and shift
register bit 185, and functions as a straight binary counter.
Reversing counter bit 180 acts as a gating circuit so that
when a one signal is applied to input terminals M and
N from input terminal 187, the counter 180 will be in-
hibited. At zero time when shift register bit 116 (FIG.
3) in the signal control generator is shifted to zero, a
positive or zero signal is applied to terminals J and K of
counter bit 189. Counter bit 180 is then complemented.
The millstand sequence selector will count in a binary
form from zero to 63, counting one each time shift regis-
ter bit 116 is shifted to zero unless input terminal 187
is one. An inhibit signal is applied to terminal 187 when
calculations are continuing in the arithmetic unit shown
in FIG. 6. By connecting the modified binary output
terminals 199 to 201 selectively to the position regulators,
the error value for the particular position regulator may
be calculated sequentially. The order in which the error
value is calculated is dependent upon the order in which
the position regulators are connected to the binary oupuf
terminals 190 through 201.

The binary output terminals 190 through 281 are con-
nected to the one and zero output terminals of the mill-
stand sequence selector through AND/NOT circuits 202—
204, 206268, 212, and 214 to provide a modified binary
output. This is done rather than have 64 output terminals
which must be wired to the particular position regulator.

For example, a zero output signal from one of the
modified binary output terminals 19¢ through 201, or a
combination thereof, is effective to select a position regu-
lator in a manner that will be described hereinafter. For
a particular decimal number, there should be a zero oufput
signal from one or more of the output terminals 190-201.
For example, take the decimal number 38 and determine
which of the modified binary terminals 190 through 201
must be connected to a position regulator to select it during
the 38 word time. Modified binary -output terminals 192,
195, 198, and 201 must be connected to the position regu-
lator to select a particular position regulator during the
38th word time in the manner to be described. For the
decimal number 38, the binary number is 100110 (least
significant bit on right) with the reversible counter bit 180
(binary 1) reset to zero, counter bit 181 (binary 2) set
to one, counter bit 182 (binary 4) set to one, counter bit
183 (binary 8) set to zero, counter bit 184 (binary 16)
set to zero and shift register 185 (binary 32) set to one.
A zero signal is therefore applied to terminal R of AND/
NOT circuit 263 from output terminal L of counter bit
181 since counter bit 181 is set to one and a zero signal
is applied to terminal U of AND/NOT circuit 203 from
terminal E of reversing counter bit 180 as reversing coun-
ter bit 180 is set to zero at this time. AND/NOT circuit
203 therefore produces @ signal which is inverted fo a zero
signal by inverting amplifier 205 so that a zero signal is
produced on output terminal 192 at this time. A zero
signal is applied to terminal M of AND/NOT circuit 267
from the E output terminal of counter bit 183 since counter
bit 183 is set to zero at this time, and a zero signal is
also applied to terminal N of AND/NOT circuit 207 from



3,204,440

11
terminal W of counter bit 182 since counter bit 182 is set
1o one at this time so that AND/NOT circuit 207 produces
a one signal which is inverted to a zero signal by inverting
amplifier 209, supplying a zero signal from terminal 195
at this time. As counter bit 184 is set to zero at this time,
"a one signal is produced from its output terminal W which
is inverted by inverting amplifier 211 to a zero signal and
delivered as a zero signal on output terminal 198 at this
time. Shift register bit 185 is set to one at this time so it
produces a one signal on its B output terminal which is
inverted by inverting amplifier 213 to a zero signal and
delivered as a zero signal on output terminal 201. There-
fore, with the selected regulator connected to terminals
192, 195, 198 and 261, when the millstand sequence selec-
tor has counted to 38, this particular position regulator
is selected. Only one selection has been made for illustra-
tive purposes. The selection may be made for other posi-
tion regulators connected to other combinations of the
output terminals 199 through 201 in the manner described
for the 38th word to accomplish similar selections of other

word numbers from 0 through 63. For each binary num--

ber, the logic of the AND/NOT circuits selects one or
more output terminals 190-201.

Serial arithmetic

Referring now to FIG. 6, in the arithmetic section, the
feedback will be subtracted from the reference to deter-
mine the position error and the error will be stored in a
buffer register. As a preliminary statement of operation
before going into the detailed operation, the arithmetic
operation is unique in that, first, the reference is added to
an offset in a binary adder; and also if necessary, a carry
may be added to provide a two’s complement of the ref-
erence plus the offset for the operation to be described.
The feedback is added to a zeroing number and to a
carry of one, if necessary. After these steps have been
carried out, the two’s complement of the feedback is added
to the reference so that the feedback is subtracted from the
reference in the final sum adder. The addition is carried
‘out bit by bit with result transferred in the error buffer
register.

Referring now to FIG. 6, the reference number is re-
ceived on input terminal 221. A reference number is re-
"ceived as a binary number in serial form with a one signal
representing a binary one and a zero signal Tepresenting a
binary zero. A one signal representing a binary one is
applied directly to the ST1 :(steer 1) input terminal of shift
register bit 223 and also inverted by inverter 225 and
applied as a zero signal to the STO (steer 6) terminal of
shift register bit 223, steering shift register bit 223 to one.
The next pulse applied to the PUL input terminal of shift
register bit 223 causes shift register bit 223 to be set to one.
A zero signal representing a binary zero received on input
terminal 221 is applied to the ST1 input terminal of shift
register bit 223 as a zero signal and also inverted by in-
verter 225 and applied to STO input terminal of shift
register bit 223 as a one signal so that the next pulse
applied to the PUL input terminal of shift register bit
223 causes shift register bit 223 to be reset to zero. Shift
register bit 223 when set to one produces 2 one output
signal on output terminal E; and when reset to zero pro-
duces a zero output signal on output terminal E of shift
‘register bit 223, ‘

Input terminal 227 receives a binary signal in the form
of a one signal (binary one) or zero signal (binary zero)
in the same manner as on input terminal 221 to indicate
the offset which is used to modify the reference number
received on input terminal 221. This is useful, for exam-
ple, to compensate for the roll wear and heating of the
tolls of the rolling mill. Shift register bit 229 is set to
one and reset to zero in the same manner as that described
for shift register bit 223.

The feedback nmumber in serial form is applied to input
terminal 231 with a one signal representing a binary one
and a zero signal representing a binary zero. The negative
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signal representing a binary one is applied to terminal H
of inverting OR circuit 233, causing inverting OR circuit
233 to apply a zero signal to terminal M of AND/NOT
circuit 235.

The AU pulses from the signal control generator in
FIG. 3 as shown in the timing diagram (FIG. 4, wave-
form 1) are received on input terminal 237 in FIG. 6.
When an AU pulse goes positive, 13.3 microseconds af-
ter it starts, a zero signal is applied to terminal N of

"AND/NOT circuit 235. AND/NOT circuit 235 there-

upon produces a one signal which is applied back to ter-
minal F of inverting OR circuit 233, keeping inverting
OR circuit 233 producing a zero signal from terminal E.
The one signal is also applied to ST1 terminal of shift
register bit 239. The zero signal from terminal E of
inverting OR. circuit 233 is also applied to the ST@ ter-
minal of shift register bit 239. The next negative pulse
received on the AU input terminal 237 is inverted by
inverting OR circuit 241 to a positive pulse and applied
to the PUL input terminals of all the shift register bits
including shift register bit 239 to set shift register bit 239
to ome. The zero signal representing a binary zero re-
ceived on the feedback input terminal 231 is applied to
terminal H of inverting OR circuit 233, causing inverting
OR circuit 233 to produce a one signal which is applied
to terminal M of AND/NOT circuit 235. AND/NOT
circuit 235 thereupon produces a zero signal which is
applied to terminal ST1 of shift register bit 239 and also
applied back to terminal F of inverting OR circuit 233,
causing inverting OR circuit 233 to continue producing
a one signal. The one signal from the inverting OR cir-
cuit 233 is also applied to the ST® terminal of shift reg-
ister bit 239, causing shift register bit 239 to be steered
to a zero on the next input pulse on the PUL terminal.

A binary number is also received on input terminal
243 which is used to modify the feedback number re-
ceived on input terminal 23%1. This is useful, for exam-
ple, as a zeroing signal to be subtracted from the feed-
back number. The zeroing signal is subtracted from the
feedback signal to indicate the actual position of the rolls
when in a zero position. The binary numbers received
on the input terminal 243 set and reset shift register bit
245 in the same manner as that described for shift regis-
ter bits 223 and 229.

The reason for the buffer shift registers 223, 229, 239
and 245 is because the feedback signal applied to input
terminal 231 is not required to be a pedestal signal but
may be a pulse signal; and after the feedback signal is
received, some means must be provided for storing the
signal for one pedestal time. The feedback signal, the
reference signal, the offset signal, and the zeroing signal
are stored in the proper shift register bits.

An AV negative pulse at zero time as shown in the
timing diagram (FIG. 4, waveform 6) received on input
terminal 247 and applied to terminal X of one shot pulse
generator 249. As one shot pulse generator 249 pro-
duces output pulses on the positive going side of the
pulse after the 27 microsecond AV pulse, one shot pulse
generator 249 produces a negative pulse on output ter-
minal P, which is applied to the reset terminal of shift
register bit 251 to reset that shift register to zero and
to the set terminal of shift register bit 253 to set that
shift register bit to one.

The reference signal is added to the offset signal bit
by bit in the binary adder 255 as the two signals are re-
ceived on the input terminals. The one output terminals
of shift register bits 223 and 229 are connected to the
inputs of binary adder 255. The output from terminal
E of shift register bit 251 representing the carry from
the previous digit is also applied to the binary adder 255
by connection to terminal J. The reference, the offset
and the carry are all added in the binary adder 255 in
the usual binary manner. The binary adder 255 deliv-
ers an output signal on terminal P when the result is a
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binary one, delivering an output signal on terminal W
when the output is a binary zero and delivering an out-
put on the terminal E when there is a carry. - The carry
output terminal E is connected to the ST1 terminal of
the shift register bit 251. When there is no carry, an
output signal is delivered on output terminal L. The
no carry terminal L is connected to the STO terminal of
the shift register bit 251. Thereupon, the next pulse ap-
plied to the PUL input terminal of shift register bit 251
causes that shift register bit to be set to either one or zero
depending upon the steering terminal which has been con-
ditioned by having a signal applied thereto.

The feedback binary adder 257 operates in a similar
manner to the reference binary adder bit 255 with the
feedback signal and the two’s complement of the zero-
ing signal added in the binary adder. By adding the
two’s complement of the zeroing signal to the feedback
signal effectively is as well known in binary arithmetic,
the zeroing signal is being subtracted from the feedback
signal. ‘This is accomplished logicwise by having the
zero output terminal L. of shift register bit 245 connected
to the feedback binary adder bit 257 and having the carry
shift register bit 253 set to one automatically as has been

hereinbefore described so that the feedback binary adder .

bit 257 adds the feedback signal, the inverse of the zero-
ing signal, and a carry of one.

The binary addition is completed in the feedback binary
adder bit 257 in the normal manner with a one signal
produced on output terminal P when the result of the
binary addition is one and a one signal appearing on out-
put terminal W when the result is a binary zero. The
carry output terminal E produces 2 one signal when there
is a carry to apply a one signal to the ST1 terminal of
the carry shift register bit 253. When there is no carry,
the one signal produced on output terminal L is applied
to the STO terminal of the carry shift register bit 253.
The next AU pulse received on input terminal 237 and
inverted to a positive pulse by inverting OR circuit 241
is applied to the PUL terminals of shift register bit 253.
The carry shift register bit 253 is set to a one or zero,
depending on whether or not a carry or no carry has
been indicated in the manner hereinbefore described.

Thus has been described the binary addition of a bit
of information from the reference input signal and the
offset input signal. We have also described a subtraction
of the zeroing signal from the feedback signal in the
binary adder 257 by the addition of the feedback signal
and the two’s complement of the zeroing signal.

A description will now be made of the addition in
the final sum adder 261 of the two’s complement of the
reference signal and the feedback signal to effect a sub-
traction of the reference signal from the feedback signal.
This addition is accomplished ‘in serial form in the same
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manner hereinbefore described 'for the reference sum. .

and the feedback sum with the addition accomplished
bit by bit. It should be noted that at zero time, an AV
signal received on input terminal 247 applied to one
shot pulse generator 249 causes one shot pulse generator
249 27 microseconds later to produce a positive pulse on
output terminal W which is inverted by inverter 263
to a negative pulse to reset shift register bits 265 and
267 to zero. Shift register bit 265 when reset to zero
applies a zero signal to terminal N of exclusive OR cir-
cuit 271. Shift register bit 267 when reset to zero applies
a one signal to terminal H of exclusive OR circuit 273.

Further preparation for the addition in the final sum
binary adder bit 261 was accomplished by the receipt on
input terminal 275 of the PHO signal (FIG. 4, wave-
form 4) which is a one signal from zero to 7 time. This
one signal is applied to terminal R of AND/NOT cir-
cuit 277, causing AND/NOT circuit 277 to produce a
zero signal which is passed by OR circuit 279 and applied
to the ST1 terminal of shift register bit 267 and passed
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by OR circuit 281 and applied to the ST1 terminal of

shift register bit 265. The zero signal produced by

14
AND/NOT circuit 277 is also inverted by inverter 283
and applied as a one signal to the ST0 terminals of shift
register bits 267 and 265.

Continuing on with setting up the circuit for-the addi-
tion of the feedback and reference sums in the final sum
adder at zero time, an AVO positive going signal is re-
ceived on input terminal 285 (timing chart, FIG. 4, wave-
form 8) and applied to inputs J and K of reversing
counter bit 287. For the immediate purposes.of this

. description, assume that a one signal has been applied to

terminals M and N of the réversing counter bit 287 so
that the positive going signal received on terminals ¥
and K is inhibited and reversing counter bit 287 does not
count. Therefore, reversing counter bit 287 remains reset
to zero with a zero signal supplied from terminal E to
terminal Y of exclusive OR circuit 289 and terminal T
of exclusive OR circuit 291.

The AV pulse (FIG. 4, waveform 6) reecived on

"input terminal 247 causes one shot pulse generator 249

to produce a zero pulse which is inverted by inverter
263 to a one pulse to set shift register bit 293 to one.
Shift register bit 293 is set to one so that the two’s com-
plement of the reference signal can be added to the feed-
back signal by adding the inverse of the reference signal,
a carry of one, and the feedback signal.

The feedback signal is read from output terminal T
of the feedback adder 257, passed through exclusive OR
circuit 271 and exclusive OR circuit 289 and applied to
terminal H of the final sum binary adder bit 261. The
feedback signal is applied to the binary adder bit 261
as a one signal or a zero signal as read from the feed-
back adder bit 257. The reference signal must be in-
verted before it is applied to terminal F of the final sum
binary adder 261. A one signal is applied to terminal
H of exclusive OR circuit 273 from output terminal L
of shift register bit 267 as shift register bit 267 has been
reset fo zero at the beginning of the word cycle. Thus,
if a binary one is in the binary adder bit 255, a one signal
is applied to terminal F of exclusive OR circuit 273;
and since a one signal is also applied to terminal H of
exclusive OR circuit 273, a zero signal is delivered from
terminal E of exclusive OR circuit 273, passed through
exclusive OR circuit 291 and applied to terminal F of
final sum binary adder bit 261. Conversely, if a binary
zero is in the reference binary adder bit 255, a zero signal
is applied from terminal P of binary adder bit 255 to
terminal F of exclusive OR circuit 273; and as a one
signal is applied to terminal H of exclusive OR circuit,
a one signal is applied from terminal E of exclusive OR
circuit 273 through exclusive OR circuit 291 to terminal
F of final sum binary adder bit 261. Thus, the reference
signal is inverted at the exclusive OR circuit 273.

The binary addition in the final sum binary adder bit
261 is accomplished in a straightforward manner with
the resulting carry or mo carry setting or resetting the

- shift register bit 293 to one or zero, respectively. Shift

register bit 293 is set to one by a one signal from the

" carry output terminal E of binary bit 261 applied to

the ST1 terminal of the shift register bit and an AU
pulse (FIG. 4, waveform 1) received on the PUL input
terminal from inverter 241 received from input terminal
237.

Shift register bit 293 is reset to zero from the final sum
binary adder bit 261 in the same manner with a one
signal applied to the STQ terminal of shift register bit
293 when there is no carry out.

The addition of the inverse of the reference signal, the
feedback signal, and the carry or no carry from the
previous addition is carried out, bit by bit, If the total
feedback number is greater than or equal to the refer-
ence, the final sum binary adder 261 has a carry of
one with shift register bit 293 set to one. This is because
in binary arithmetic one number is subtracted from an-
other number by the addition of the two’s complement
of one number to the other number, ‘
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The first eight digits of the result which are the eight
least significant digits are stored in the error buffer storage
register. The error buffer storage register consists of shift
register bits 300 through 307. The error buffer storage
register is connected in the usual manner for a storage
register. )
~ The one terminal (terminal P) of the final sum binary
adder bit 261 is connected to the ST1 terminal of the
first shift register bit 300 in the error buffer storage reg-
ister. The zero terminal W of the final sum binary adder
bit 261 is connected to the STO terminal of shift register
bit 369 of the error buffer storage.register. Thus, when
the result of a binary addition in the final sum binary
adder bit 261 is a binary one, the ST1 terminal of shift
register bit 300 is conditioned; and when a pulse is ap-
plied to the PUL terminal of shift register bit 300, shift
register bit 300 is set to one. The PUL terminals of
the shift register bits 300 through 307 are connected to
inverting OR circuit 309. The negative AU pulses (tim-
.ing chart, FIG. 4 waveform 1) are applied to inverting
OR circuit 311, The negative pulses are inverted to a
series of positive pulses by inverting OR circuit 311 and
applied to terminal M of one shot pulse generator 313,
causing one shot pulse generator 313 to produce a nega-
tive pulse on output terminal E for each positive pulse
received. The negative pulses are inverted to a series of
positive pulses by inverting OR 309 and applied to the
PUL input terminals of the shift register bits 300
through 307.

Error buffer storage register

Shift register bits 300-307 are set to one or reset to zero
in accordance with the signals applied to the ST1 and
STO terminals of each shift register bit. As the digits
are added in the final sum adder, the result is shifted from
shift register to shift register until the first eight digits
of the result (the eight least significant digits) have been
stored in the error buffer storage register.

When the feedback number is greater than, or equal to,
the reference, the output of the final sum binary adder
261, after completion of the arithmetic operation, is a one
signal on the carry output terminal E. The first eight
of the least significant digits are in the buffer storage.
Therefore, there is a zero-signal output on the no carry
terminal L which is applied to terminal U of AND/NOT
circuit 315. At 13 time (as shown on the timing chart,
FIG. 4, inverse of waveform 3) and LTQ zero signal is
received on terminal R of AND/NOT circuit 315. Also,
when the AU signal received on input terminal 237 be-
comes a zero signal, zero signals are applied to terminals
R, T and U of AND/NOT circuit 315 so that AND/NOT
circuit 315 produces a one signal which is inverted to a
zero signal by inverting amplifier 319. This zero signal
produced by inverting amplifier 319 causes the eight bit
error number in the error buffer storage register to be
transferred into a particular regulator error storage reg-
ister in a.manner to be described with respect to the
regulator error storage register itself. At 0 time, a new
calculation can be started to calculate the error for an-
other regulator position.

If the feedback number is less than the reference num-
ber, the final carry-out of adder 261 will be a zero in-
stead of a one. Therefore, the one signal from the no
carry terminal L is applied to terminal U of AND/NOT
¢ircuit 315 preventing AND/NOT circuit 315 from pro-
ducing a one signal. Output terminal 321 therefore pro-
duces ‘a one signal and the number in the error buffer
storage register is not transferred to a regulator error
storage register. Output terminal 316 delivers a one
signal to terminal 187 in FIG. 5 to inhibit the selection of
millstand position regulator.

The calculation is .then repeated during the next word
time but this time adding the two’s complement of the
feedback to the reference.. This is accomplished by add-
ing the inverse of the-feedback, the reference, and a carry.
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There was a zero signal from the carry output terminal
E of the binary adder 261 which is applied to terminals
M and N of the reversing counter bit 287. The next
one signal received on the AVO input terminal 285 is
applied to terminals J and K of reversing counter bit
287 to complement the reversing counter bit 287. A one
signal is applied from the one output terminal E of re-
versing counter bit 287 to terminals Y and T of ex-
clusive OR circuits 289 and 291, respectively. By apply-
ing one signals to exclusive OR circuits 289 and 291,
the input signals to the other terminals of these exclusive
OR circuits are inverted. Therefore, when a binary ons
signal is applied to terminal R of exclusive OR circuit
291 at the same time that a onme signal is applied to
terminal T of exclusive OR circuit 291 from reversing
counter bit 287, a zero signal is delivered from terminal
P of exclusive OR circuit 291. Thus, with a one signal
applied to terminals Y and T of exclusive OR circuits
289 and 291, respectively, the input signal to the other
terminal thereof is inverted with the inverse of the signal
received delivered on the output terminal.

The binary addition is accomplished in the same manner
as has been described before. The reference number,
the inverse of the feedback number and a carry are added
in the final sum adder 261. The error is then stored in the
error buffer storage register in the same manner as here-
inbefore described.

At the beginning of a word time, signal AV on input
terminal 247 (see FIG. 4, waveform 6) causes one shot
pulse generator 249 to emit a zero pulse after 27 micro-
seconds on terminal W which is applied to AND/NOT
circuit 263 on terminal Y to cause AND/NOT circuit
263 to produce a one signal. This one signal is applied
to AND/NOT circuit 333 on terminal N to cause
AND/NOT circuit 333 to produce a zero signal on out-
put terminal L. This output zero is applied to AND/NOT

-circuit 325 on terminal K. Since no reference or feed-

back is applied to the final sum adder 361 until 1 time,
there is a one signal on final sum adder 361 terminal
W during 0 time. This cne signal is applied to
AND/NOT circuit 323 terminal X to cause AND/NOT
circuit 323 to produce a zero signal on output terminal
W which is applied to terminal J of AND/NOT circuit
325. Since -both J and K of AND/NOT circuit 325
are zero, its output will be one. In this way, the seal
circuit composed of AND/NOT circuits 325 and 333 are

‘preconditioned during O time.

If, during the calculation of an error signal, the final
sum adder 361 never produces a zero signal on ifs inverse
output terminal W, AND/NOT circuit 323 will remain
with a zero output signal. AND/NOT circuit 325 will
therefore remain with a one signal. 'The one signal out-
put of AND/NOT circuit 325 is applied to AND/NOT
circuits 327 and 337 on terminals Y and X, respectively,

-thereby causing AND/NOT circuits 327 and 337 to pro-

duce zero output signals. These zero output signals are
inverted by inverting circuits 322 and 331 and reinverted

- by inverting circuits 339 and 341.

If, during the calculation of an error signal, the final
sum adder 361 ever produces a zero signal on its inverse
output terminal W which is applied to AND/NOT circuit
323 and this remains until after input signal AV on input
terminal 237 and AND/NOT circuit 323, terminal Y
(see FIG. 4, waveform 6) goes to a zero signal and AND/

- NOT circuit 323 is caused to produce a one signal, This

one signal applied to AND/NOT circuit 325 on terminal
J causes AND/NOT circuit 323 to prodice a zero output
signal on terminal E which is applied to terminal M of
AND/NOT circuit 333. AND/NOT circuit 333 then
produces a one signal which is applied to terminal K of
AND/NOT circuit 325 to cause it to continue to produce

. a zero signal on its output terminal E.

The zero signal on output terminal E of AND/NOT
circuit 325 is applied to input terminal Y of AND/NOT
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circuit 327 and X of AND/NOT circuit 337 thus en-
abling these two AND/ NOT circuits. When the add1t1on
has been completed as indicated by sxgnal 321 as described
before, if the feedback is laroer than the reference, the
reversing counter cm:ult 287 has a zero output 81gna1
on terminal E and a ong output sxgnal on terminal L as
described before The zero. output s1gnal or, termmal E
of reversing counter 287 is apphed to input termmal X
of AND/NOT circuit 327 whlch causes the output ter-
minal W of AND/NOT c1rcu1t 327 to produce a one
signal.

inverting c1rcu1ts 329 and 331 so that a one stgnal 1s
produced on output terminal V of inverter 331." The
one on the L output terminal of reversing counter 287 is
applied to input terminal Y of AND/NOT circuit 337 to
cause a zero output to be produced on output terminal W
of AND/NOT" circuit 337. When the addition has been
completed as indicated by signal 321 as described before,
if the reference is larger than the feedback, the reversing
counter 287 has a one output signal on terminal E and
a zero output signal from terminal L as described: before.
This state of reversing counter 287 will work through
AND/NOT circuits 327 and 337 and inverting 329, 331,
339 and 451 in a simple manner to that just described
to produce a one output signal on inverter 341 and a
zero output signal on inverter 331.

Almost null

Tt is desirable to know when the position error for a
particular millstand reaches a predetermmed value, be-
fore the feedback equals the reference. This almost null
or anticipation signal may be used to initiate other opera-
tions which may be started when the position error reaches
a predetermined value. In practice, of course, the refer-
ence may never equal the feedback; so it is desirable to
know when the difference between the reference and the
feedback is below a predetermined value.

The almost null circuit compares the final sum from
the final sum adder 261 (FIG. 6), which is the position
error, with an almost null input received on input terminal
362 from an input at the operator’s console. The position
error is compared with the almost null input serially bit
by bit, starting with the least significant digit.

The position error will have a binary one after the
almost null signal when the position error is larger than
the almost null signal so that the last comparison between
different binary numbers will be between the binary one
for the position error and binary zero for the almost null
signal. Final sum adder 261 set to one will apply a one
signal to terminal U of AND/NOT 368 and a zero signal
to terminal F of AND/NOT 370. A zero signal received
on the almost null input terminal 362 will be applied to
the ST1 terminal of shift register bit 366 and inverted
to a one signal by inverter 364 and applied to the STO
terminal of shift register bit 366. Thé next AU pulse
will reset shift register bit 366 to zero so that a one signal
is applied to terminal T of AND/NOT 368 and a zero
signal to terminal T of AND/NOT 370. When the AU
pulse goes to zero, a zero signal is applied to terminal N
of AND/NOT 370 and to terminal T of AND/NOT 368.
AND/NOT 368 therefore has a zero signal apphed to
all terminals and iproduces a one signal which is inverted
to a zero signal by inverting OR circuit and applied to
termlnal F of AND/NOT 374. AND/NOT 368 with
one signals applied to terminals T and U applies a ZEro
s1gna1 to terminal N of AND/NOT 374. A zero signal
is applied to terminal J at this time so AND/NOT 374
produces a one signal which is inverted to a zero signal
by inverting amplifier 376 and delivered on terminal 378
indicating that the position error is larger than the almost
null signal.

Two binary zeros might be compared later from the
position error and the almost null signal. However, the
one signal from AND/NOT 374 is applied back to ter-
minal N of inverting OR 372 to keep inverting OR 372
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applying a zero 31gna1 to terminal ¥ of AND/NOT 374.
Only if the position error is less than or equal to the
almost null signal will AND/NOT 374 change.

When the almost null 51gna1 is greater than or equal to
the position error, the’ 31gna1s applied to the AND/NOTS
will be reversed. AND/NOT 368 will apply a one signal
to termmal N of AND/NOT 374, causing AND/NOT
374 to produce a zeto s1gna1 which is inverted by invert-
ing amplifier 376 to a one s1gnal and delivered on terminal
378 1nd1cat1ng that the posmon error is less than or equal
to the almost nullv stgnal The zero signal from AND/
372, “and the ‘seal will be broken so that 1nvertm<y OR
372 ‘will no longer be sealed in.

Overshoot compensation

The drive motor. has. 2 tendency to overshoot the refer-
ence. posmon This overshoot may ordinarily be cor-
rected on, the following posmon error calculation. How-
ever, when a zero or mear zero separating distance is

*+ selected, the drive motor may drive the rolls together so

that they are squeezed together with the separating dis-
tance in effect less than zero,

The feedback indicators commonly used indicate the
separating distance between rolls in increments of 0. to

* about 8000. T 0 eﬁectlvely utlhze the feedback position
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indicators, they should indicate a zero separating distance
between the rolls When the actual separating distance is
zero. However, in that case when the rolls are squeezed
togéther, the feedback position indicators will indicate a

" separating distance in the order of 950 increments as the

feedback indicators are not designed to indicate negative
numbers.  This would indicate to the position regulator
that the difference between the reference and the feedback
is extremely large, and the drive motor would exert maxi-
mum effort to bring the rolls together; when, in fact, they
are already squeezed tog ether, wrecking the rolls and the
controls. ’

Accordingly, an overshoot compensation factor of 64
is added to the reference and to the feedback so that both
the reference and the feedback will be indicated to be 64
increments greater than they actually are. In this man-
ner the drive motor may ovérshoot the reference position
plus 64 increments and actually reach the reference posi-
tion. In the speciﬁc embodiment it is assumed that the
normal overshoot is always less than 64 increments. If
the overshoot is greater, the overshoot compensatlon fac-
tor may be changed accordingly.

Overshoot

To allow for the overshoot through zero feedback posi-
tion, a bias count of 64 is added to the feedback and refer-
ence numbers. This bias count is added automatically
to the seventh digit in a manner to be explained. It has
prev1ously been described how shift Tegister bits 265 and
267 were reset to zero at the beginning of a word cycle
and how the output from AND/NOT circuit 277 is a zero
signal at the beginning of the word cycle. At 7 time of
the cycle, the PHO signal received on terminal 275 (tim-
ing diagram, FIG. 4, waveform 4) goes to a zero signal
and is"applied to terminal R of AND/NOT circuit 277 and
terminal M of AND/NOT circuit 345. Also, at 7 time,
the 1TR signal (timing diagram, FIG. 4, inverse of wave-
form 11) received on input terminal 347 goes to a one
signal and is applied to terminal N of AND/NOT circuit
345, causing AND/NOT circuit 345 to apply a zero signal
to terminal 'V of AND/NOT circuit 277. AND/NOT
circuit 277 thereupon produces a one signal which is
passed by OR circuit 279 and applied to the ST1 terminal
of shift register bit 267 and is also passed by OR circuit 281
and applied to the ST1 terminal of shift register bit 265.
The one signal from AND/NOT 277 is inverted by inverter
283 and applied as a zero signal to the ST terminals of
shift register bits 265 and 267. Thereupon, the next
positive pulse received on the PUL input terminals of
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shift register bits 265 and 267 at 8 time causes both shift
register bits to be set to one.

The operation of shift register bits 265 and 267 in
adding the binary number 64 to the number from the
intermediate adder bits 255 and 257 is identical. There-
fore, the following description will be confined to a de-
scription of the addition of a binary 64 to the feedback
number from intermediate adder bit 257.

It has been described how shift register bit 265 is set
to one at 8 time. With shift register bit 265 set to one,
the one output terminal P applies a one signal to terminal
M of exclusive OR circuit 271. Referring now to Table 1
for the addition of the binary number 64 to the numbers
448 and 384.

TABLE 1
Digit 111109 |87 |6 | Number
Feedback Adder 257...__..._. cp o0 1y 1y 1] 0 448
SR 265 0} 1) 1| 11.1{ 0 64
Exclusive OR 271 ... _..___. 0} 1 6y 0|l 0} 0 512

When the seventh digit out of feedback adder 257 is a
zero, the computation is as follows:

Digit 11(10( 98|76 | Number
TFeedback Adder 257 . ..__.__ 0 0| 171} 0! 0 384
SR 265 01 0f 0} 0 L]0 64
Exclusive OR 271 ...______. 0! 0 1) 1110 448

Taking the number 448 first, a binary one is applied from
the feedback binary adder 257 after 7 time, at 8 time ap-
plying a one signal to terminal M of exclusive OR circuit
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Z71. Exclusive OR circuit 271 with one signals applied

to both input terminals M and N thereupon produces a
zero signal indicating a binary zero. Exclusive OR 271
has thus added a binary one and a binary one to give a
result of a binary one plus a carry of a binary one. At
8 time, the 1TR pulse received on input terminal 347
goes to a zero signal and is applied to terminal N of
AND/NOT circuit 345. The PHO signal (FIG. 4, wave-
form 4) applied to terminal M is a zero signal causing
AND/NOT circuit 345 to apply a one signal to terminal
V of AND/NOT circuit 277 so that AND/NOT circuit
277 applies a zero signal through OR circuits 281 and 279
to the ST1 input terminals of shift register bits 265 and
267. The zero signal from AND/NOT circuit 277 is in-
verted by inverter 283 and applied as a one signal to the
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STO input terminals of shift register bits 265 and 267. -

After 8 time, at 9 time (as shown in Table 1), the binary
adder bit 257 produces a one signal from terminal P
which is passed by OR circuit 281 and applied as a one sig-
nal to the ST1 terminal of shift register bit 265. Shift
tegister bit 265 with one signals applied to both its ST1
and ST9 terminals remains set to one upon receiving posi-
tive pulses on its PUL terminal, applying a one signal to
terminal N of exclusive OR circuit 271. This provides the
carry of ome. A one signal is also applied to terminal
M of exclusive OR circuit 271 from terminal P of the
feedback binary adder bit 257 so that exclusive OR cir-
cuit 271 produces a zero signal indicating a binary zero.
This continues for the number 448 until after 10 time a
binary zero from the binary adder bit 257 produces a
zero signal on terminal P, which is applied to terminal M
of exclusive OR circuit 271 and passed by OR circuit 281
‘and applied as a zero signal to the ST1 terminal of shift
register bit 265. During 10 time shift register bit 265
remains set to one, applying a one signal from terminal
P to terminal N of exclusive OR 271. Exclusive OR
271 thereupon produces a one signal for digit 10. As shift
register bit 265 has a one signal applied to the ST9 termi-
nal at this time for the reason hereinbefore described,
shift register bit 265 vpon receiving the next positive pulse
at 11 time on the PUL input terminal is reset to zero. - The
result of the addition is therefore a binary 512 (448-1-64).

50

. registers of the individual millstands.
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Now locking at Table 1 for the addition of the binary
number 64 to the number 384. After 7 time, the output
from the binary adder bit 257 is a binary zero applying
a zero signal to terminal N of exclusive OR circuit 271.
At 8 time, a pulse to the PUL terminal sets shift register
bit 265 to one applying a one signal to terminal N of
exclusive OR circuit 271. This causes exclusive OR cir-
cuit 271 to produce a one signal at 8 time. Therefore, the
result of the addition of 384 to 64 is 448.

The automatic addition of a bias of 64 to the feedback
and reference numbers to correct for overshoot has thus
been described.

Error buffer

If the output of the final adder binary adder bit 261
is one after the eighth digit, the error buffer should have
all shift register bits set to one to indicate a larger error
than an eight bit number. At 9 time, as the eighth bit
is shifted into the error buffer register, the 2TR signal
(FIG. 4, inverse of waveform 12) which is applied to in-
put terminal 351 goes to zero and is applied to terminal
J of inverting OR circuit 353. The 1TR signal (FIG.
4, inverse of waveform 11) is zero at 9 time. Terminal
H of inverting OR 353 receives a zero signal and the PHO
signal (FIG. 4, waveform 4) is zero so terminal F of in-
verting OR circuit 353 receives a zero signal. Inverting
OR circuit 353 at 9 time and thereafter applies a one
signal to terminal N of inverting OR circuit 355 and to
terminal F of AND/NOT circuit 311, causing inverting
OR circuit 355 to apply a zero signal to terminal T of
AND/NOT circuit 349 and causing output terminal E of
AND/NOT circuit 311 to be zero thereafter. If the re-
sult of the addition of the ninth bit in the final sum binary
adder bit 261 is one, the zero terminal W of final sum
adder bit 261 applies a zero signal to terminal V of AND/
NOT circuit 349. Also, 13.3 microseconds after 9 time,
the AU pulse received on input terminal 237 goes to zero,
applying a zero signal to terminal U of AND/NOT cir-
cuit 349 so that AND/NOT circuit 349 produces a one
signal which is applied to the set terminals of shift regis-
ter bits 300 to 307 to set all of the shift register bits in
the error buffer storage register to one.

Thus, if the error is larger than an eight digit number,
all eight shift register bits 300-307 are automatically
set to one.

Transfer of error from error buffer to error storage

After the position error has been temporarily stored in
the error buffer, it must be transferred to the proper error
storage. The zero output terminals of shift register bits
300-307 in FIG. 6 are connected through inverting ampli-
fiers 800-807, respectively, to output terminals $10-817,
respectively. The output terminals 818-817 of the error
buffer are connected to the inputs of the error storage
For example, the
output terminals 810-817 of the error buffer in FIG. 6
are connected to input terminals 820-829 of the error stor-
age register in FIG. 7.

In this manner, a shift register bit 300-207 in FIG. 6

+ in the error buffer set to one applies a one signal to a
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corresponding input terminal 820-827 in FIG. 7.
Error storage and control circuits

A representative regulator error storage and amplifier
is shown in FIG. 7. After 13 time and before O time,
when the serial arithmetic in FIG. 8 has finished the error
calculation, a zero signal is received on input terminal
501 from terminal 321 in FIG. 6, indicating the error
calculation is finished, applying a zero signal to terminal

- F of AND/NOT circuit 583. Also, before zero time,
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a zero signal received on input terminal 505 is applied to
terminal ¥ of AND/NOT circuit 503, indicating that the
particular millstand position regulator has been selected.
AND/NOT circuit 563 thereupon produces a one signal
which is inverted to a zero signal by inverting OR circuit
507 and applied to the HOLD input terminals of relay flip
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flops 516-517. The IN input terminal of relay flip
flops 510517 are conmected, respectively, to the inverted
zero output terminals of shift register bits 300 to 307 of
the error buffer storage register in FIG. 6. Therefore,
the relay flip flops 510 to 517 are set to one or reset to
zero in accordance with the binary numbers in the error
buffer storage register in FIG. 6. The zero signal ap-
plied from inverting OR circuit 547 is also applied to the
HOLD terminal of relay flip flops 519 and 521. Relay
flip flop 519 receives a one signal on its IN input terminal
from output terminal 343 in FIG. 6 when the feedback
was less than the reference. The input terminal on relay
flip flop 521 receives a signal from output terminal 331 in
FIG. 6 when the reference was smaller than the feed-
back. Therefore, depending on whether the reference
was smaller or larger than the feedback either relay flip
flop 519 or relay flip flop 521 is energized to close the con-
tacts therein.

After the relay flip flops are set and reset, the input sig-
nal on terminal 501 changes to a zero signal as a new
calculation begins so that AND/NOT circuit 503 pro-
duces a zero signal which is inverted by inverting OR cir-
cuit 567 to a one signal and applied to all of the HOLD
input terminals of relay flip flops 510-517, 519 and $521.
Therefore, the relay flip flops cannot change until that
particular millstand has been selected again and the cal-
culation of the pesition error has been finished. This is
due to the fact that a zero signal is only received on input
terminal 505 at that time. The closed interlocks in the
relay flip flops are utilized for a conventional current sum-
ming digital to. analog converter from the closed contacts
of the energized relays. A current proportional to the
error as stored in the regulator error storage register is
applied to the input of an operational amplifier 523 which
drives a power amplifier 525 to operate a conventional
drive control. The drive control will drive the drive mo-
tor in accordance with the error indicated.

" The direction in which the drive motor is driven is ac-
cording to whether relay flip flop 519 or 521 has been
energized. When feedback is less than the reference re-
lay, flip flop 519 is energized closing the relay contacts
and setting the flip flop to one. Flip flop 519 when ener-
gized the operational amplifier 523 is connected through
the closed interlocks of flip flops 518-517 to a —62 velt
potential. The operational amplifier 523 then moves the
rolls further apart in accordance with the current propor-
tional to the error as stored in the error storage register.

When the feedback is. greater than the reference relay,
flip flop 521 is energized, closing its contacts and setting
the flip flop to one. Flip flop 521 when energized the
operational amplifier 523 is connected through the closed
interlocks of flip flops 518-517 to a 62 volt potential.
The operational amplifier 523 then moves the rolls closer
together in accordance with the current proportional to
the error as stored in the error storage register.

Position feedback

The position of the drive motors is sensed by binary
coded shaft position encoders. Each encoder is coupled

to a selsyn receiver which is in turn electrically con-.

nected to reproduce the relation of a selsyn transmitter
affixed to the shaft of the drive motor. The binary shaft
position encoders are sensed in a standard manner and
the resulting position feedback number transferred to be
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compared with the reference number in the manpner de- -

scribed as the specific position is selected for comparison
of the feedback position and the reference in the manner
described.

Reference input

The reference number for each position is read into
relay interfaces by the closing of individual contacts by
the operator or other input means as described before.

Auytomatic zeroing

The automatic zeroing feature provides for correction
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of the feedback from the coacting rolls. The feedback
from each mill stand indicates the distance between a
point on the bottom roll and a point on the top roll.
Thus, when the rolls are closed with no actual separating
distance between the coacting rolls, the feedback will still
indicate that there is a separating distance between the
points on the lower and upper rolls. This is provided so
that compensation may be made for the wear on the rolls
as they are used.

The feedback must accurately indicate the actual sepa-
rating distance between the surfaces of the top and bot-
tom rolls. Therefore, the automatic zeroing feature is
provided as described hereinafter, ‘

The rolls are moved apart and the actual separating
distance between the surfaces of the rolls measured.
The actual measured: distance between the surfaces of the
contacting rolls is then subtracted from the indicated
feedback separating distance. The result is a zeroing
correction factor that must be effected in the feedback
so that the separating distance between the coacting rolls
is accurately indicated by a corrected feedback. The
zeroing correction factor therefore must be subtracted
from the feedback each time before a comparison is made
with the reference so that the comparison may be made
with a zero corrected feedback.

To carry this out, referring now to FIG. 6, the actual
measured distance between the rolls is entered into the
reference input terminal 221 and the fesdback is entered
into the feedback terminal 231. The subtraction of the
actual measured distance from the indicated feedback is
carried out in the same manner as that hereinbefore de-
scribed for subtraction of the reference from the feed-
back by adding the two’s complement of the actual meas-
ured distance to the feedback in the final sum adder bit
261. The result is read out of output terminal 262 con-
nected to the ope output terminal P of the final binary
adder bit 261. This information is stored im the 13 bit
register in FIG. 8 in a manner to be described. After
the difference between the indicated feedback and the
actual measured distance between the rolls has been cal-
culated and stored in the storage register, it is transferred
to a permanent storage register associated with the par-
ticular millstand regulator for which the zero correction
has been determined. Thereinafter, each time that par-
ticular millstand regulator has its feedback compared with
the reference, the zere correction is applied to the zero
input terminal 243 in FIG. 6 to correct the indicated
feedback signal to give a zero corrected feedback in the
manner hereinbefore described.

The zero correction factor is transferred from the one
terminal of binary adder bit 261 to the register in FIG. 3.

When the zero correction number is to be stored in
the shift register in FIG. 8, a one signal is received from
the pasticular regulator having its zero correction factor
calculated (FIG. 9—693) on input terminai 405, in-
verted to a zero signal by inverter 407 and applied to
terminal N of AND/NOT circuit 409. One and zero
signals (binary one-zero) are applied to terminal 411
from output terminal 262 in FIG. 6. A zero signal re-
ceived on input terminal 411 (FIG. 8), indicating that
the bit of the zero correction number from terminal 262
(FIG. 6) is zero, is inverted to a one signal by inverter
410 (FIG. 6) to cause AND/NOT circuit 409 to apply
a zero signal to terminal V of AND/NOT circuit 413.
For the purposes of the description, other terminals of
AND/NOT 413 receive zero signals at this time so that
AND/NOT 413 produces a one signal. The one signal
from AND/NOT 413 is applied to the ST0O terminal of
shift register bit 430 and inverted by inverter 421 fo apply
a zero signal to the ST1 terminal of shift register bit 430.
Shift register bit 430 thus has a one signal applied to its
STO terminal and a zero signal applied to its ST1 terminal.

The zero signal produced by inverter 407 is inverted
to a one signal by inverter 415 and applied to terminal
M of inverting OR circuit 417 causing inverting OR cir-
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cujt 417 to apply a zero signal to terminal V of AND/
NOT circuit 419. AU pulses are received on terminal
445 (FIG. 4, waveform 1) and applied to terminal U of
AND/NOT circuit 419. A one AU pulse causes AND/
NOT 419 to apply a zero or positive signal to the PUL
terminals of shift register bits 436-443, causing the con-
tents of the shift register bits 438-443 to be shifted to
the right; and shift register bit 436 is set to one or reset
to zero, depending on the signal applied to its ST1 and
ST¢ terminals. In the above manner, all 13 bits of the
zero correction number are read into shift register bits
430-443 from the final sum adder 261 in FIG. 6.

After the zero correction number for an individual
millstand regulator has been read into shift register bits
430-443, it must be stored in the interface relays of the
particular millstand shown in FIG. 9. A binary one
stored in one of the shift register bits 430-443 produces
a one signal to energize a corresponding relay coil 456
463. An energized relay coil 450-463 closes a normally
open relay contact 479-482 in FIG. 9. The zero correc-
tion number stored in the relay interface consists of 12
bits. The closing of a relay contact 479482 in FIG. 9
energizes a corresponding relay coil 601-612 in a relay
interface 681, 683, and 685. An energized relay coil re-
mains energized until reset in the relay interface. An
energized relay coil opens associated normally closed
contacts and closes normally open contacts to store a
binary one in the relay interface. Normally closed con-
tacts 621-632 are opened when a corresponding relay coil
601-612 is energized and normally open contacts 641—
652 are closed when a corresponding relay coil is ener-
gized.

The normally open relay contacts 641—652, when
closed, energize corresponding lamps 661-672 indicating
that a binary one has been stored in the corresponding
position, The normally closed relay contacts 621-632,
when opened, indicate a binary one and apply zero signals
to commutators 655 and 657.

The zero correction number is read out serially as serial
signals are applied to the commutators.

A zero signal is applied to terminal 830 from 0 time
to 6 time of the word time to condition commutator 655
and inhibit commutator 657. At 7 time, the signal
changes to condition commutator 657 and inhibit com-
mutator 655. The ‘following TR signals are applied to
terminals 831-863 at the bit times shown:

Bit Time Terminal Signal
G
1 831 1TR
2 832 2TR
3 833 3TR
4 834 4TR
5 835 5TR
6 836 6TR
7 831 ITR
8 832 2TR
9 833 3TR
10 834 4TR
11 835 STR
12 836 6TR
i3 837

From 0 time through 6 time with commutator 655 con-
ditioned, the 1-6TR signals are effective to cause one
signals to be read out where a zero signal is applied to the
commutator 655 from the normally closed contacts 621—
626 which have been opened to store a binary one from
9 time through 12 time. With commutator 657 condi-
tioned, the 1-6TR signals are effective to cause one signals
to be read out where a zero signal is applied to commuta-

have been opened to store a binary one.

For example, if normally closed contact 627 is opened
to store a binary one, applying a zero signal to terminal
W of commutator 657, at 76 time a 1TR one signal is re-
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tor 657 from the normally closed contacts 627-632 which
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ceived on terminal 836 and applied to terminal K of com-
mutator 657. As terminal W of commutator 657 has a
zero signal applied thereto, a one signal is read out from
commutator 657 and delivered on output terminal 838 to
the zeroing input terminal 243 in FIG. 6.

Referring back to FIG. 9, a zeroing operation (deter-
mining the zeroing factor) is initiated by an operator by
turning the selector switch 661 to the zero position clos-
ing normally closed contacts 663. Contacts 6§63, when
closed, apply a voltage to trigger 665. Trigger 665 then
applies a zero signal from terminal L to terminal F of
AND/NOT 667 and to the RST terminal of flip flop 669.
Flip flop 669 is reset to zero prior to the operator turning
switch 661 from RUN to zero. Zero signals are applied
to terminals J and K of AND/NOT 667. A zero signal
received on terminal 671 at a regulator sampling interval
when the particular millstand has been selected is applied
to terminal H of AND/NOT 667 and terminal U of
AND/NOT 691.

AND/NOT 667 then applies a one signal to the set
terminal of flip flop 673 to set flip flop 673 to “one.” The
one signal from terminal E of flip flop 673 passes through
amplifier 675 to energize relay coil 677. Relay coil 677,
when energized, closes normally open contacts 679 to
apply a —18 volt signal to relay interfaces 681, 683 and
685. A —18 volt signal applied to the relay interfaces
conditions them to store a mew number therein.

The zero signal output from terminal L of flip flop 673
is delayed by time delay 687 for a period of three milli-
seconds and inverted to a one signal, inverted back to a
zero signal by inverter 689 and applied to terminal R of
AND/NOT 69%1. The time delay is to allow for the
operation of relay 677. At the next regulator sampling
period of that particular millstand a RSO zero signal is
applied to terminal U of AND/NOT 691 so that a one
signal is delivered on output terminal 693 to terminal 405
in FIG. 8 to start zeroing calculation.

The one signal from terminal E of flip flop 673 in
FIG. 9 also sets flip flop 669 to one with the one signal
from terminal P of flip flop 669 inverted by inverter 695
to a zero signal, inverted back to a one signal by inverting
amplifier 697 and applied to terminal R of AND/NOT
667. The zeroing calculation is carried out of the usual
calculation time for that particular mill stand.

After the zeroing calculation has been completed, the
signal storage relays 471-482 have been selectively ener-
gized as described hereinbefore.

The one signal received on terminal 405 in FIG. 8
starting the zeroing calculation after inversion to a zero
signal by inverter 407 is applied to terminal Y of AND/
NOT 701. At the end of a calculation cycle at zero time,

‘a zero OTXO signal (FIG. 4, inverse of waveform 7) is

applied to terminal X of AND/NOT 761 (FIG. 8), ap-
plying a one signal to terminal F of one shot 703. One
shot 703 then applies a zero signal to terminal T of AND/
NOT 705 for a period of 50 milliseconds. For the pur-
poses of this description, the other terminals of AND/
NOT 705 have zero signals applied thereto at the time
that a one signal amplified by amplifier 707 energizes
relay coils 769 and 711.

Energized relay coil 711 closes normally open con-
tacts 713 in FIG. 9 to apply a -6 volt signal to relay
interfaces 681, 683 and 685 to store the information
therein as indicated by the selective closing of controls
471482,

Energized coil 709 in FIG. 8 closes normally open
contacts 716 in FIG. 9, applying a one signal to termi-
nal § of AND/NOT 667 and a one signal to the RST
terminal of flip flop 673 to reset that flip flop to zero.
With flip flop 673 reset to zero, relay coil 677 is de-
energized, opening contacts 679 to remove the —18 volt
signal from relay interfaces €81, 6383, and 685 so that
the -6 volt signal through relay contacts 713 is no longer
effective in changing the state of relays 601-612 by the
selected closings of contacts 471-482.
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As flip flop 673 is reset to zero, the ome signal from
terminal L is inverted to a zero signal by time delay 687,
inverted and applied as a one signal to terminal R of
AND/NOT 691 so that a zero signal is delivered on termi-
nal 693 to terminal 405 in FIG. 8.

A zero signal is applied from terminal E of flip flop
673 in FIG. 9 to terminal Y of AND/NOT 715; and as
flip flop 669 remains set to one, a zero signal is applied
to terminal X of AND/NOT 715. AND/NOT 715
therefore produces a one signal which is amplified by
amplifier 717 to energize the zero complete lamp 719.
This indicates to the operator that the zeroing operation is
complete and the operator may return the selector switch
to run closing normally closed contacts 663 and resetting
flip flop 669.

While the invention has been explained and described
with the aid of particular embodiments thereof, it will
be understood that the invention is not limited thereby
and that many modifications retaining and utilizing the
spirit thereof without departing essentially therefrom will
occur to those skilled in the art in applying the invention
to specific operating environments and conditions. It is
therefore contemplated by the appended claims to cover
all such modifications as fall within the scope and spirit
of the invention.

What is claimed is:

1. In a system for determining the zero correction fac-
tor for the coacting rolls of a rolling mill including
means for indicating the actual separating distance be-
between the coacting rolls, means for indicating the indi-
cated separated distance between the coacting rolls, means
for calculating the difference between said actual sepa-
rating distance and said indicated separating distance,
and means for storing said difference as the zero correc-
tion factor.

2. In a system for determining the zero correction fac-
tor for the coacting rolls of a rolling mill including means
for indicating the actual separating distance between the
coacting rolls, means for indicating the indicated sepa-
rating distance between the coacting rolls, means for
calculating the difference between said actual separating
distance and said indicated separating distance, buffer
storage means, and means for controlling the storage of
said difference in said buffer storage means as the zero
correction factor.

3. In a system for determining the zero correction
factor for the coacting rolls of a rolling mill including
means for indicating the actual separating distance be-
tween the coacting rolls, means for indicating the indi-
cated separating distance between the coacting rolls,
means for calculating the difference between said actual
separating distance and said indicated separating distance,
buffer storage means, storage means, and means for con-
trolling the storage of said difference in said buffer storage
means and then in said storage means as the zero correc-
tion factor.

4. In a rolling mill position regulating system includ-
ing a plurality of pairs of coacting rolls to be positioned
according to the difference between the actual separating
distance and a desired separating distance between each
pair of coacting rolls; each pair of coacting rolls having
associated therewith means for indicating an indicated
separating distance between the coacting rolls; means for
indicating desired separating distance between the coact-
ing rolls, and means for storing a zero correction factor;
means for selecting the desired indicating means, the in-
dicated indicating means, and said zero correction fac-
tor storage means associated with each respective pair of
coacting rolls in a predetermined order; means for modi-
fying said indicated separating distance by said zero cor-
rection factor to obtain an indicated actual separating dis-
tance between the coacting rolls of said millstand; and

[+

15

20

25

30

35

40

45

7

[

26
means for calculating the difference between said actual
and said desired separating distance between the coacting
rolls of said millstand.

5, In a system for determining the zero correction fac-
tor for the coacting rolls of a plurality of millstands for
each millstand having associated therewith means for
indicating an indicated separating distance between its
coacting rolls, and means for indicating the actual sepa-
rating distance between its coacting rolls; means for se-
lecting the indicated and actual indicating means of each
millstand in a predetermined order; means for calcu-
lating the difference between the selected indicated sepa-
rating distance and the actual separating distance; stor-
age means associated with each millstand; and means
for controlling the storage of said difference in the storage
means associated with the selected millstand as a zero
correction factor.

6. In a system for determining the zero correction
factor for the coacting rolls of a plurality of millstands;
each millstand having associated therewith means for
indicating an indicated separating distance between its
coacting rolls, and means for indicating the actual sepa-
rating distance between its coacting rolls; means for
selecting the indicated and actual indicating means of
each millstand in a predetermined order; means for calcu-
lating the difference between the selected indicated sepa-
rating distance and the actual separating distance; buffer
storage means; storage means associated with each mill-
stand; and means for controlling the storage of said dif-
ference in said buffer storage means and then in the
storage means associated with the selected millstand as
a zero correction factor.

7. In a rolling mill position regulating system in-
cluding a plurality of pairs of coacting rolls to be posi-
tioned according to the difference between the actual
separating distance and a desired separating distance be-
tween each pair of coacting rolls; each pair of coacting
rolls having associated therewith means for indicating an
indicated separating distance between the coacting rolls,
and means for indicating the actual separating distance
between the coacting rolls; means for selecting the indi-
cated and actual indicating means associated with each
pair of coacting rolls in a predetermined order; means
for calculating the difference between the selected indi-
cated separating distance and the actual separating dis-
tance; storage means associated with each pair of coact-
ing rolls; means for controlling the storage of said dif-
ference in the storage means associated with the selected
pair of coacting rolls as a zero correction factor; each
pair of coacting rolls having associated therewith means
for indicating a desired separating distance between the
coacting rolls; said selection means selecting the indi-
cated and desired indicating means for each pair of
coacting rolls in a predetermined order; and means for
modifying the the selected indicated separating distance
by the zero correction factor stored in the associated stor-
age means, said calculating means responsive to the
selected modified indicated separating distance and the
desired separating distance for calculating the difference
therebetween.
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